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ABSTRACT 
Water distribution pipes constructed in expansive clay soils are often subjected to severe distress subsequent to 
construction. Seasonal variations in climatic conditions cause alternate saturation-desaturation in soils that can result 
in periodic swelling and shrinkage of the expansive soils. The volume changes may cause severe differential 
movement that will eventually lead to pipe failures. Field instrumentation was installed to monitor the soil conditions 
around a section of water distribution pipe in an area with expansive soil and where pipe failures were known to be 
frequent. The instrumentation included sensors to measure in situ soil water content and soil suction, soil movement, 
soil stress and temperature. This paper presents the data from the first year of monitoring and discusses implications 
of the preliminary findings. 
 
 
RÉSUMÉ 
Arroser les tuyaux de distribution construits dans les sols d’argile expansifs sont souvent exposés à la détresse sévère 
subséquente à la construction. Les variations saisonnières dans les conditions climatiques causent alternent 
saturation-desaturation dans les sols qui peuvent avoir pour résultat l'accroissement et le recul périodique des sols 
expansif. Les changements de volume peuvent causer le mouvement potentiellement différentiel sévère qui menera 
finalement à la rupture des pipe-lines. Pour plus apprendre du comportement de sols expansifs autour des tuyaux 
d'eau, l'instrumentation de champ a été installée pour contrôler les conditions de sol autour d'une section de tuyau de 
distribution d'eau dans un secteur de sol expansif où les échecs de tuyau ont été sus pour être fréquents. 
L'instrumentation a inclus des détecteurs pour mesurer dans le contenu d'eau de sol de situ et l'aspiration de sol, le 
mouvement de sol, la tension de sol et la température. Ce papier présente les données du premier an d'interception et 
discute des implications des conclusions préliminaires. 
 
 
 
1 INTRODUCTION 
 
Lightly loaded structures like water pipes constructed in 
expansive soils are often subjected to severe distress 
subsequent to construction. The soil water content in 
expansive soils may fluctuate significantly due to 
seasonal imbalance between precipitation and 
evaporation/transpiration. This high variation in water 
content can result in considerable swelling or shrinking. 
Changes in soil volume can induce differential soil 
movement that can generate stresses in structures built 
on or buried in expansive soils. In some cases, the 
stresses are believed to be of such magnitude that they 
can cause failures of the structures.  
 
Many municipalities in North America have water 
distribution and sewer systems located in expansive 
soils. Each year in the United States alone, expansive 
soils cause over $2 billion in damage to roads, buildings 
and other structures (Keller, 1996, Montgomery, 1997). 
Some estimates are as high as $6 billion/year (Pipkin 
and Trent, 1994). Financial losses from expansive soils 
are approximately equal to those from all other geologic 
hazards combined (Montgomery, 1997). Therefore, it is 
critical to understand the behaviour of these soils and 

their interaction with the structures built on/in expansive 
soils. 
To understand the “working” environment and the 
corresponding responses of structures in expansive soils, 
field instrumentation was installed around a section of 
water main in an older area of Regina where frequent 
pipe breakage has been observed in recent years (Azam 
et al., 2009a). A set of sensors was installed in a manner 
that minimized soil disturbance. The instrumentation 
included sensors to measure in situ soil water content, 
soil suction, soil movement, soil pressure, and 
temperature. Measurements were made in the soils 
surrounding the section of water main. This paper 
presents the results of the first year of monitoring of the 
test section. 
 
 
2 FIELD LOCATION AND SOIL CONDITIONS 
 
2.1 Site location 
 
The test site was located at Cross Place in the Hillsdale 
area of south Regina. This location was selected 
because it is in an area with a high number of asbestos 
cement (AC) pipe breaks. It was also located adjacent to 
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a previous field installation where a section of water main 
had been installed and instrumented (Hu et al., 2008). 
The new instrumentation at the site was intended to 
provide insight into the working environments of the 
water main pipes in undisturbed soil. The monitoring of 
the two field installations will provide insight into the 
different working environments of the newly installed 
water main pipes and those that have been in service for 
decades. 
 
2.2 Soil conditions 
 
One borehole (BH101) was drilled to a depth of about 9 
m. The borehole was located on the street, about 0.8 m 
south of the centreline of the pipe. The stratigraphy (from 
the surface down) of the site is as follows: (i) gravel-
sand-clay backfill to 1 m depth; (ii) clay backfill from 1 m 
to 3.5 m; (iii) sand-clay backfill from 3.5 to 4.5 m; (iv) 
clay from 4.5 to 7 m; and (v) glacial till from 7 to 9 m  
(Azam et al. 2009b). The top three layers are associated 
with the road construction and pipe installation whereas 
the bottom two layers pertain to geological history of the 
Regina area. Figure 1 shows the index properties and dry 
density of the soil sampled in the borehole. 
 
 
3 FIELD MONITORING SYSTEM 
 
Figure 2 shows the layout of the field instrumentation at 
Cross Place. The sensors were installed in the ground in 
May 2009. For the current study, installation was 
completed with minimal soil disturbance adjacent to a 
previously instrumented site, in which a section of AC 
water pipe, instrumented with strain gauges was installed 

in a trench and backfilled, together with other sensors 
placed in the surrounding soil (Hu et al., 2008). The 
various sensors were installed at different depths (given 
in brackets in Figure 2) around the pipe that was at an 
average depth of 2.1 m. The water pipe was originally 
installed along the side of the street adjacent to a park 
area. Therefore, most of the moisture movement can be 
considered to be from the park area, namely: infiltration 
due to precipitation and park watering and evapo-
transpiration from the grass and trees. 
 
Table 1 gives the characteristics of the sensors selected 
for field installation. Five types of measurements are 
being recorded: (i) volumetric water content (by means of 
water content reflectometry (WCR) probes); (ii) soil 
suction (by means of thermal conductivity sensors and a 
jet fill tensiometer); (iii) soil pressure (by means of total 
pressure cells); (iv) temperature (by means of 
thermocouples); and (v) displacement (by means of 
survey markers). The sensors were selected based on 
low disturbance during installation, low maintenance, 
high data reliability, high precision, and low initial and 
operational costs. The first four types of measurements 
(except for the tensiometer) were recorded by an 
automated data acquisition system (DAQ). Manual 
readings of the jet fill tensiometer and survey markers 
were taken at regular intervals of time. Data are stored 
on site in the DAQ and transferred regularly to a portable 
computer for analysis.  
 
More details on the instrumentation and layout can be 
found in Azam et al. (2009). The ongoing monitoring 
program should provide several years of continuous data 
on the soil conditions. 

 
 

          
Figure 1. Soil index properties and dry density at the test site (after Azam et al., 2009b) 
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Figure 2: Layout of field instrumentation at Cross Place, Regina 
 
 

Table 1: Characteristics of the selected sensors 
 

 Measurement Instrument Type Quantity Measuring Range and  
(Estimated Accuracy) 

Source 

 Water Content WCR Probe 
(ThetaProbe ML2x) 

  8 0% to 50% 
(± 5%) 

Delta-T Devices Ltd., UK 

 Soil Suction Thermal Conductivity Sensor  
(FTC-100) 

  2 5 kPa to 1500 kPa 
(± 10 kPa) 

GCTS Testing Systems, USA 

Jet Fill Tensiometer 
(2725ARl60) 

  1 0 kPa to 90 kPa 
(± 2 kPa) 

Soil Moisture Equipment Inc., USA 

 Soil Pressure Total Pressure Cell 
(TPC) 

  2 0 kPa to 100 kPa 
(± 0.5 kPa) 

ROCTEST Ltd., Canada 

 Temperature Thermocouple   8 – 190 oC to 350 oC 
(± 0.1 oC) 

Veriteq Instruments Inc., Canada 

 Displacement Survey Marker 32 No Limit 
(± 1 mm) 

Local supplier of steel pin 
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4 RESULTS AND DISCUSSION 
 
The following results are based on the data collected in 
the one-year period following installation, from May 5, 
2009 to April 21, 2010. 
 
4.1 Temperature 
 
Figure 3 shows the hourly temperatures at different 
depths at the east side of the installation. The average 
daily air temperature is also plotted for reference. The 
sensors at the west side of the installation experienced a 
similar temperature pattern (not shown). As expected, the 
soil temperature at every depth is affected by the 
seasonal temperature variation and the temperature 
variability decreases with depth below the ground 
surface. The deepest 0°C isotherm occurred about 1.8 m 
below the pavement surface around mid-March of the 
monitoring period.  
 
4.2 Soil water contents 
 
The volumetric water contents for the four probes at the 
west side of the installation are shown in Figure 4. It also 
shows the daily precipitation data for the one-year period 
collected by Environment Canada at Regina International 
Airport. The water content values for all sensors tended 
to increase from May to mid October. This may indicate 
water infiltration through the ground surface due to 
relatively high precipitation from May to October. From 
October onward, all sensors experienced a slight, steady 
drop due to relatively low precipitation and high 

evaporation. Some probes (e.g., WCR 6) near the 
ground surface registered significant increases in water 
content in early October and early December, probably 
due to leaks from cracks between the curb of the street 
and the pavement. Soils at both WCR6 and WCR8 
experienced significant drops in measured water contents 
beginning late December and early January due to frost 
advance which caused freezing of the water in the soils 
(Rajani and Zhan, 1996). At depth of below 2.1 m, the 
soil did not freeze (TC4 in Figure 3) and measured water 
contents did not decrease dramatically (WCR 5 and 
WCR7 in Figure 4). 
 
4.3 Soil suction 
 
Figures 5 and 6 show the temperature rise, ∆T, 
measured by the FTC sensors at 2.0 m depth, and soil 
suction by the tensiometer at 2.5 m depth, respectively. 
∆T values were not converted to soil suction values 
because the measured suction values were beyond the 
calibrated ranges of the sensors. A smaller temperature 
rise in Figure 5 indicates a lower soil suction. Also 
included in the figures are the cumulative rainfall deficit 
data for the one-year period starting from May 1, 2009. 
All the sensors indicate a general trend of decrease in 
soil suction, which is consistent with an increasing high 
cumulative rainfall deficit from May 1 to early October. A 
decrease in soil suction indicates an increase in soil 
water content at the measured locations. The increase in 
water content is also consistent with that recorded by the 
water content probes as shown in Figure 4.  
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Figure 3. Temperature at different depths at the east side of the installation 

 
Figure 4. Volumetric water content at different depths 

 
  

 
Figure 5. Temperature rise measured by the FTC sensors
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Figure 6. Soil suction measured by the tensiometer 

 
 
4.4 Soil pressures 
 
Figure 7 shows the horizontal earth pressures recorded 
by the two pressure cells. The soil pressure decreased 
from installation until early October and, then, fluctuated 
between about 20 and 40 kPa. The early drop in soil 
pressure may result from the stabilization process of the 
soils around the sensors immediately after their 
installation. The soil pressure recorded by EPC2 
indicated two sudden jumps: one on August 15 and one 
on October 1. There were two major rainfall events on 
August 15 and October 1 of 35 and 34.2 mm 
respectively, or about 12% of annual precipitation. The 
sudden jumps in soil pressure by EPC2 recorded on 
August 15 and October 1 may have been due to the 
rainfall events. Water may have infiltrated into the soil 
around the pressure cell by means of the borehole 
housing the pressure cell. 
 
4.5 Soil displacements 
 
The vertical ground displacements measured at the 
survey markers are shown in two figures: Figure 8 
records the ground displacements along the water pipe 

centerline; Figure 9 records the ground displacement 
perpendicular to the centerline of the water pipe. All the 
ground displacements are referred to the initial elevation 
readings on May 5, 2009, just after completion of the 
field installation. A positive value of displacement 
indicates heave, while a negative value indicates 
settlement since that date. There were no data measured 
from early December 2009 to early April 2010 due to 
snow/ice cover.  
 
These figures indicate that the ground surface at the site 
experienced an initial upward movement until the end of 
May and then moved downward. It indicates that the 
ground surface was swelling in May due to infiltration of 
rainfall (Figure 4). By early summer, precipitation was 
not substantial enough to compensate for the loss in 
water content due to evaporation and transpiration, the 
soils then shrank, and the ground surface settled. It can 
also be observed from Figures 8 and 9 that the pavement 
tended to heave more than the ground surface in the 
park, but also to settle less than the ground surface in the 
park. 
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Figure 7. Horizontal earth pressure 
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Figure 8. Ground displacements along the water main centerline 
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Figure 9. Ground displacements perpendicular to the water main centerline 

 
 

 
5 SUMMARY AND CONCLUSIONS 
 
A field installation was conducted to study the “working” 
environment of buried water mains in an area of Regina 
having a large inventory of asbestos cement water 
mains. This paper is a progress report of an ongoing 
data monitoring program.  
 
The sensors installed include thermal conductivity 
sensors and a tensiometer for measuring soil suction; 
pressure cells in the water main backfill soil for 
measuring horizontal soil pressure; thermocouples for 
measuring soil temperature; water content reflectometry 
probes for measuring water content and survey markers 
for measuring ground surface movement. The 
tensiometric sensors, pressure cells, thermocouples and 
water content reflectometry probes are connected to an 
on-site datalogger and data are recorded continually and 
downloaded periodically. The intended monitoring period 
is two years, starting from May 2009. 

 
The data recorded in the first year of the monitoring 
program indicate that most sensors are working well. Soil 
water contents recorded by the soil moisture probes 
responded reasonably well to changes in precipitation 
and temperature. Greater fluctuation between sensor 
readings was observed in sensors located near the 

ground surface (thermocouples, soil moisture probes) 
due to the effects of seasonal climatic changes. Seasonal 
variation was evident in the recorded soil water contents, 
soil movement, and soil pressure.  
 
The data recorded to date agree qualitatively with typical 
behaviour of clay soils. It also suggests that the water 
content of the soils at the pipe level increased 
continuously until mid October 2009, which coincided 
with a decrease in soil suction. The soil displacements at 
the ground surface were not evenly distributed, which are 
typical of the soil movement characteristics observed in 
the area.  
 
With further data provided by ongoing field monitoring 
and analysis, it is expected that further insight into the 
soil working environments surrounding the water mains 
will be gained. The knowledge thus obtained will be used 
to compare with and verify the numerical analysis for this 
type of problem and evaluate the risks faced by water 
mains during their service.  
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